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Objective
To describe the epidemiology and aetiology of paediatric Traumatic Cardiac Arrest (TCA) in England and Wales.
Design
Population based analysis of the UK Trauma Audit Research Network (TARN) database.
Patients & Setting
All paediatric and adolescent patients with TCA recorded on the TARN database for a 10-year period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) .
Measures
Patient demographics, Injury Severity Score (ISS), location of TCA ('pre-hospital only', 'in-hospital only' or 'both'), interventions performed, and outcome.
Results

21
,710 paediatric patients were included in the database; 129 (0.6%) sustained TCA meeting study inclusion criteria. The majority, 103 (79.8%), had a pre-hospital TCA.
62.8% were male, with a median age of 11.7 (3.4-16.6) years, and a median ISS of 34 (25-45). 110 (85.3%) had blunt injuries, with road-traffic collision the most common mechanism (n=73, 56.6%). 123 (95.3%) had severe haemorrhage and/or traumatic brain injury.
Overall 30-day survival was 5.4% ((95%CI 2.6-10.8), n=7). 'Pre-hospital only' TCA was associated with significantly higher survival (n=6) than those with TCA in both and Wales.
Introduction
Trauma is the leading cause of death in those aged 1-18 years old.
1,2 Survival from cardiac arrest following trauma has been reported as being extremely poor, leading some to question whether attempting resuscitation in traumatic cardiac arrest (TCA) is futile, with concerns about the high rates of severe disability amongst survivors. 3, 4 However, targeted resuscitation in select patient groups within the adult population has been associated with improved outcomes. 5 In adults, the pathophysiology of TCA is fundamentally different to that of medical cardiac arrest, where there is frequently an underlying primary cardiac cause. 6 In children, medical cardiac arrest is most frequently the end result of respiratory or circulatory failure. 7 However, this difference in pathophysiology may be less marked in TCA; whilst physiological parameters and reserve may vary between age groups, the aetiology and sequence of events leading to final decompensation are likely to be similar. The principle aetiologies of TCA in adults are traumatic brain injury and haemorrhage; however, limited data exist for the paediatric population. 6 In adults, survival from TCA has improved, and is now comparable to that of out-ofhospital medical cardiac arrest. 5 This increase in reported survival since 2005 is likely to be multifactorial, including the aggressive management of TCA, the introduction of treatment algorithms that emphasise the need for management of reversible causes of cardiac arrest (for example hypovolaemia), and a recognition that neurologically intact survival is possible. 6, 8 It is logical that there has also been an increase in paediatric survival, but there are no published reports of the aetiology and epidemiology of paediatric TCA in the UK. Therefore, the aim of this study is to describe the aetiology and epidemiology of paediatric TCA in England and Wales over a ten-year period.
Materials and Methods
We The TARN database does not include patients who are pronounced life extinct prehospital (and are therefore not conveyed to hospital), and as such this group was not able to be reported in our study.
The European Resuscitation Council definition of TCA is a patient sustaining trauma with agonal or absent spontaneous respirations and in whom there is no central pulse. 10 TCA is not recorded as a discrete variable in the TARN database. Therefore, in this study TCA, in either the pre-hospital or in-hospital setting (or both), was defined as a Glasgow Coma Scale (GCS) score of 3 and a pulse or blood pressure of zero. 6 Only patients with a primary traumatic mechanism of injury (as a result of a transfer of energy) were included. Those with asphyxia/suffocation, drowning and high-voltage electrical injury as the cause of their arrest were excluded, as were those without a recorded GCS. Serious injuries were described using codes from the Abbreviated Injury Scale (AIS) score, with a score > 3 used to denote serious injury. 
Missing data
A comparison was made between patients with complete data and those removed due to missing GCS to evaluate for a systematic difference with respect to age, Injury Severity Score (ISS) and outcome.
Results
Over the 10-year study period, the TARN database included 279,581 patients with a known outcome. 21,710 patients ( Table 1 ). Forty-six (35.7%) had a 'pre-hospital only' TCA, 57 (44.2%) were recorded as having both 'pre-hospital TCA and in-hospital TCA', with 26 (20.2%) having 'in-hospital only' TCA.
Primary Aim
Seven patients (5.4%, (95% CI 2.7-10.8)) survived to 30 days, with six (4.7%, (95%CI 2.1-9.8)) discharged alive. There were no survivors from 'in-hospital only'
TCA. Those with a 'pre-hospital only TCA' (n=6) were significantly (p=0.04) more likely to survive than those with 'pre-hospital and in-hospital TCA' (n=1); 13.0%
(95%CI 6.1-25.7) versus 1.2% (95%CI 0.1-6.4).
Injury Pattern
110 (85.3%) TCA patients had a blunt mechanism of injury, and the remaining 19 suffered a penetrating mechanism. There was no statistically significant difference in survival between blunt and penetrating injury (OR 1.04 (95%CI 0.2-12.5), p=1.0).
Road traffic collisions were the most prevalent mechanism of injury (n=73, 56.6%), followed by stabbing and shootings (n=18, 14.0%) and falls over two metres (n=16, 12.4%), Table 3 . The presence of a pre-hospital doctor (n=43, 41.7%) was not significantly associated with an improvement in survival (OR 0.51(0.1-2.0, p=0.5)).
Eighteen TCA patients (14.0%) underwent resuscitative thoracotomy (RT) -the majority (n=12, 85.7%) had sustained severe (AIS ≥3) penetrating thoracic injury, and there were no survivors. Therefore, initial transport to an MTC, compared to a Trauma Unit (non Level 1 Trauma Centre), was the only examined intervention that was associated with improved survival in paediatric TCA (p=0.02), Table 4 .
Functional Outcome
Six (85.7%) of the seven TCA patients who survived to 30 days had a Glasgow
Outcome Score recorded at discharge. Of these, one (16.7%) died after 30 days in hospital, one was discharged with severe disability, two with moderate (33.4%) and two (33.4%) good functional outcome (see Table 5 ).
Missing Data
When cases with missing GCS (n=51) were compared to the complete study population (n=129), a statistically significant difference was observed in both median should not be attempted. 7, [10] [11] [12] This difference in survival is likely to be multifactorial, with varying sample sizes, different definitions of TCA, presence of different inclusion/exclusion criteria and the maturity of the providing trauma service all likely to be contributing factors. The relatively low rate of survival seen in our study may be attributable to our exclusion criteria, and the removal of cases associated with drowning, asphyxiation, hanging and electrocution, all of which have been associated with higher rates of survival. 13, 14 A previous UK study demonstrated a survival rate of 8.8% (n=7), but three cases were as a result of a primary hypoxic insult (hanging or drowning). 13 Excluding these cases would reduce overall survival to 5.0%, which is comparable to that observed in our study. 13 Similar to findings in other reports, 18 patients in our study underwent RT, with no recorded survivors. 13 Despite low survival rates, the American College of Surgeons advocate that for adults, thoracotomy continues to be undertaken in patients with exsanguinating abdominal injuries and non-cardiac penetrating injuries. 4 There is no specific guidance available for the paediatric population. However, it is likely that older teenagers, aged 16 or over (who represented 72.2% of those undergoing RT in our study) can be managed according to adult TCA algorithms. In our study 50.0% of these procedures were performed in the pre-hospital environment with 13 Successful management of adult TCA is frequently attributed to the rapid and aggressive correction of potentially reversible causes with life-saving interventions. 8 These interventions include but are not limited to endotracheal intubation (for oxygenation), bilateral thoracocentesis or thoracostomy (for evolving pneumothorax), high-volume intravascular filling (for hypovolaemia), and within certain patient groups RT. 17, 18 The variability in recorded interventions observed in this study raises the question as to whether all patients in TCA should be treated in the same way. In order to facilitate the expedient (and necessary) management of TCA the diagnosis is based on a simple clinical diagnosis (agonal or absent respirations and the lack of a central pulse), and a universal management algorithm. 10 However, the aetiology of TCA is often multi-factorial and not immediately apparent (with the exception of penetrating thoracic injury). The same dilemma does not occur in medical cardiac arrest where cardiopulmonary resuscitation (ventilation and closed chest compressions) are a well proven intervention that can be immediately used as a 'holding measure' while the aetiology of the arrest is confirmed. 4 The use of chest compressions in TCA has recently been de-emphasised in favour of addressing potentially reversible causes. 8, 10 This argument is most valid in hypovolaemic TCA (where in a low-output state aggressive intravenous filling is a priority) 6 , but is potentially detrimental to other aetiologies (for example 'isolated TBI' or impact brain apnoea). 19 This attitude may explain the relatively low proportion of patients (60.5%) in our study reported as receiving chest compressions, but from the data available it is not possible to further explain this, and it may also be due to a lack of accurate recording.
Within the adult population it has been speculated that the provision of an experienced pre-hospital physician as part of a well-governed pre-hospital trauma service improves survival. 5, 6 Contrary to this within the paediatric population, lower mortality has been reported in TCA attended by non-physician Emergency Medical Services (EMS) in the USA compared to European studies with predominately physician-led EMS. 11 Our study reported no difference in survival with the presence of a pre-hospital physician.
Paediatric TCA is a high acuity, low frequency event as demonstrated by data recorded on the TARN database. Despite our study covering a 10 year period, only 180 cases were recorded in England and Wales (with complete data available for 129 (71.7%) cases). Of these cases, six (4.7%) survived to hospital discharge, with four (3.1%) having at best moderate disability recorded on discharge using the GOS.
Whilst this is a low number, it demonstrates that survival with a good outcome is possible from TCA. Therefore, as with adult TCA, a standardised, aggressive approach to the management of these patients is advocated.
Limitations
We acknowledge that there are a number of limitations to our study. Firstly, as TCA is not a recorded variable on the TARN database, surrogates were required to identify our study population. Identification of individuals in TCA is reliant on the treating hospitals submitting data to TARN. There is a disparity in data submission between
MTCs and TUs, and therefore we cannot guarantee capture of the entire paediatric TCA population. Additionally, the TARN database does not include patients who are declared dead at scene and not conveyed to hospital.
A number of patients (n=51, 18.5%) were excluded from our analysis due to incomplete recording of GCS. To explore any effects of this missing data, an analysis was conducted which demonstrated that those with missing data were less likely to be severely injured (lower median ISS) and with a greater frequency of survivors.
Whilst the results from this study demonstrate higher survival in paediatric TCA treated at MTCs compared to TUs, this has the limitation of being an unadjusted analysis. Additionally, with existing trauma triage criteria in England and Wales, it is very likely that EMS crews conveying patients in TCA from the pre-hospital setting will go to the nearest TU if it is a long distance to the MTC. This is likely to influence the reported survival but due to the nature of the TARN database we are unable to determine the geographic location of the TCA and whether a TU was indeed bypassed for a MTC.
With low study numbers, we must be cautious when interpreting the results especially with regards to statistical significance. This is particularly relevant when discussing the benefits of providing life-saving interventions, and when no cases were reported in contingency analyses, we were unable to provide odds ratios (RT, endotracheal intubation and treatment at an MTC). Whilst we have attempted to report the functional neurological outcome at discharge, this is limited by the Glasgow Outcome Scale (GOS) being the only measure recorded on TARN during this study period. We acknowledge that there are two key limitations with using the GOS in this population.
Firstly, the validity of the GOS has not been determined in the paediatric population 20 and secondly, varying degrees of impairment are possible, even in those recorded as having a 'good outcome'. Morbidity and mortality beyond 30 days is not recorded in the TARN database, and we were therefore not able to report longer term outcomes.
Conclusion
Using a large civilian registry population, we have demonstrated that survival of paediatric TCA, in patients arresting in the pre-hospital setting and who are transported to hospital or those who arrest in hospital is 5.4%. Survivors are possible from the resuscitation of paediatric TCA. A significant proportion of paediatric TCA is managed in Trauma Units -we therefore recommend the development of a standardised, best practice approach guideline.
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What is already known on this topic.
 Paediatric TCA is a low frequency, high acuity event associated with high morbidity.
 In the adult population, targeted and aggressive resuscitation from TCA has led to improvements in survival, comparable to all Out-of-Hospital Cardiac
Arrests.
What this study adds.
 Survivors are possible from the resuscitation of paediatric TCA.
 A significant amount of paediatric TCA is managed in Trauma Units and not
Major Trauma Centres.
 Of those paediatric TCA patients that achieved ROSC in the pre-hospital setting and were transported to hospital, 13.0% survived. 
